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Introduction

ABSTRACT

The use of fiber reinforcement in concrete has gained significant attention due to
its ability to improve various mechanical properties, such as tensile strength,
compressive strength, impact resistance, and durability. This review provides a
comprehensive analysis of the application of different types of fibers in concrete,
including steel fibers, polypropylene fibers, recycled fibers, and natural fibers. Each
fiber type brings unique benefits and challenges, influencing the overall
performance of the concrete matrix in different ways. Steel fibers are known for
enhancing tensile strength and toughness, while polypropylene fibers contribute to
crack resistance and flexibility. Recycled fibers offer a sustainable alternative by
repurposing waste materials, and natural fibers, such as cellulose, provide eco-
friendly options with minimal environmental impact. The review systematically
explores experimental results from various studies, focusing on fiber-matrix
interactions, fiber dosage, and their effects on key performance indicators. A
detailed compatison of these fiber types, along with their optimal usage in specific
construction scenarios, is presented. Furthermore, the review highlights the gaps in
current research and suggests areas for future exploration to further enhance fiber-
reinforced concrete technologies. This paper aims to provide an essential resource
for researchers and engineers seeking to optimize the use of fibers in sustainable
and high-performance concrete applications.
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flexural strength, impact resistance, and control over
crack propagation.

Concrete, one of the most widely used construction
materials, has continuously evolved with technological
advancements to meet the growing demands of modern
infrastructure. While its versatility, availability, and
economic efficiency make it a preferred choice, concrete
inherently suffers from brittleness, low tensile strength,
and vulnerability to cracking, shrinkage, and impact
damage. To address these limitations, the integration of
fiber reinforcement has emerged as a promising
solution. The inclusion of fibers within the concrete
matrix has been shown to significantly enhance its
mechanical and durability properties, offering improved

Fibers used in concrete can be broadly categorized into
synthetic, metallic, and natural types, each offering
unique characteristics and performance enhancements.
Steel fibers, commonly used for their ability to improve
concrete’s toughness and tensile strength, are widely
adopted in applications requiring high durability and
load-bearing capacity. Synthetic fibers, such as
polypropylene, are valued for their ability to mitigate
shrinkage and crack formation, making them ideal for
thin-sectioned or high-temperature environments.
Recycled fibers, derived from waste materials such as
plastics, offer a sustainable alternative while contributing
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to reduced environmental impact. Natural fibers,
including cellulose and coconut fibers, provide eco-
friendly and cost-effective solutions for reinforcing
concrete, although they may present challenges related
to uniformity and long-term dutrability.

The potential benefits of fiber reinforcement have been
the subject of extensive research over recent decades.
Studies have focused on identifying the optimal types
and proportions of fibers, understanding the interaction
between fibers and the concrete matrix, and quantifying
the mechanical improvements that can be achieved.
However, while significant progress has been made,
questions remain regarding the long-term performance
of fiber-reinforced concrete (FRC), particulatly in
extreme environmental conditions or under sustained
load conditions. Additionally, the trade-offs between
cost, sustainability, and performance have become
critical considerations in selecting fibers for concrete in
contemporary construction.

This literature review aims to provide a comprehensive
exploration of the various types of fibers used in
concrete, their specific contributions to the material's
mechanical and durability properties, and their
applicability in diverse construction environments. By
examining experimental studies, comparative analyses,
and real-world applications, this review will present an
in-depth understanding of the role of fiber
reinforcement in concrete. Furthermore, the review will
identify key research gaps and propose areas for future
investigation to enhance the performance, sustainability,
and practicality of fiber-reinforced concrete.

Literature Review

Steel Fibers in Concrete

Steel fibers have been extensively studied for their role
in improving the tensile and flexural strength of
concrete. A study by Banthia and Trottier demonstrated
that steel fibers significantly enhance crack resistance
and energy absorption capacity, especially under impact
loading conditions [1]. In their experiments, the addition
of steel fibers improved post-cracking behavior and
resulted in increased toughness. The authors
emphasized the importance of fiber content and
orientation, which directly influenced the mechanical
properties of the concrete.

Further research by Zollo focused on the durability
aspects of steel fiber-reinforced concrete (SFRC). He
noted that steel fibers effectively mitigate shrinkage
cracking and improve long-term durability in both high-
temperature and freeze-thaw environments [2]. These
properties make SFRC ideal for industrial floors,
pavements, and structures subjected to dynamic loads.
However, the study also highlighted the need for careful
consideration of fiber distribution to  avoid
agglomeration and ensure uniform mechanical
performance.

Polypropylene Fibers

Polypropylene fibers are popular for reducing shrinkage
and crack formation in concrete. The study by Yao et al.
investigated the effects of polypropylene fibers on the
shrinkage behavior of high-performance concrete [3].
The results showed that incorporating polypropylene
fibers into the mix reduced early-age shrinkage, which
significantly delayed the appearance of microcracks. The
study also noted that fiber length and dosage played a
key role in determining the extent of shrinkage
reduction.

An experimental investigation by Alhozaimy et al.
examined the flexural strength of polypropylene fiber-
reinforced concrete (PFRC) under different loading
conditions. They found that the inclusion of
polypropylene fibers enhanced the flexural strength and
impact resistance of the concrete, particularly in regions
prone to plastic shrinkage [4]. Additionally, the research
revealed that PFRC showed superior crack control in
comparison to plain concrete under similar conditions.

Recycled Fibers

The utilization of recycled fibers in concrete has gained
attention due to their environmental benefits and
potential cost savings. Pacheco-Torgal and Jalali’s study
on incorporating recycled tire fibers into concrete
revealed that the fibers contributed to improved
toughness and ductility [5]. Although the compressive
strength of the concrete was slightly reduced, the study
found that recycled fibers significantly improved impact
resistance and post-crack behavior.

Silva et al. explored the use of recycled plastic fibers in
concrete as a sustainable solution for reducing waste and
enhancing material properties [6]. Their study showed
that recycled plastic fibers had a positive effect on the
tensile strength and durability of concrete, making it
suitable for non-structural applications such as road
subbases and pavements. However, the study
emphasized the need for further research on the long-
term performance of recycled fibers in structural
concrete applications.

Natural Fibers

Natural fibers, such as sisal, coconut, and cellulose
fibers, offer an eco-friendly and renewable alternative
for reinforcing concrete. A study by Li et al. explored the
effects of sisal fibers on the mechanical properties of
concrete and found that the fibers improved flexural
strength and crack resistance while reducing shrinkage
[7]. The study also highlighted that natural fibers are
particularly effective in regions where sustainability is a
key concern. John et al. investigated the use of coconut
fibers in concrete and reported that the fibers enhanced
the ductlity of the concrete while maintaining
satisfactory compressive strength [8].

Page | 2


http://dx.doi.org/10.47176/sjis.6.2.1
https://sjis.srpub.org/article-5-258-fa.html

[ Downloaded from gjis.srpub.org on 2026-08-27 ]

[ DOI: 10.47176/5is.6.2.1]

However, the study noted that natural fibers are
susceptible to degradation over time, especially in harsh
environmental conditions, which may affect the long-
term durability of the composite.

Hybrid Fiber Composites

Hybrid fiber systems combine two or more types of
fibers to leverage their complementary properties,
enhancing the performance of concrete. A study by Xu
et al. investigated the effects of combining steel and
polypropylene fibers in a hybrid composite [9]. The
results demonstrated that the hybrid system offered
improved toughness, impact resistance, and post-crack
behavior compared to using a single type of fiber. The
study concluded that the combined fibers contributed to
both the tensile strength (from steel fibers) and crack
control (from polypropylene fibers), leading to a well-
balanced composite material.

Another study by Alberti et al. evaluated the synergistic
effects of steel and natural fibers in a hybtrid composite
mix [10]. The research revealed that the inclusion of
natural fibers, such as sisal or coconut fibers, alongside
steel fibers resulted in increased energy absorption and
flexibility. The study emphasized that hybrid fiber
systems offer great potential for applications in
earthquake-resistant structures and pavements where
both strength and ductility are crucial.

Fiber Dosage and Distribution

The optimal dosage of fibers in concrete plays a vital role
in achieving the desired mechanical performance. A
comprehensive study by Yin et al. focused on the
influence of fiber content on the mechanical properties
of fiber-reinforced concrete [11]. Their research showed
that increasing fiber content improved the tensile and
flexural strength up to a certain limit, after which the
concrete's workability decreased significantly. They also
highlighted the importance of proper fiber distribution,
noting that agglomeration of fibers could lead to
localized weak points and reduced structural integrity.
In another investigation, Ferrara et al. explored the effect
of fiber orientation on the performance of fiber-
reinforced concrete [12]. The study found that fiber
orientation, which is influenced by the casting process,
significantly affected the mechanical properties of the
material. Properly oriented fibers led to enhanced tensile
strength and fracture toughness, whereas random
distribution sometimes caused uneven performance
across different sections of the concrete. The study
suggested that controlled casting techniques could
optimize fiber distribution and improve the overall
reliability of fiber-reinforced concrete.

Durability and Long-term Performance

The durability of fiber-reinforced concrete under
various environmental conditions is a critical factor in
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determining its long-term viability. A study by
Figueiredo et al. focused on the durability of steel fiber-
reinforced concrete (SFRC) exposed to freeze-thaw
cycles [13]. The results indicated that SFRC exhibited
supetior resistance to freeze-thaw damage compared to
plain concrete. The study also showed that the fiber
reinforcement minimized surface scaling and internal
cracking, enhancing the longevity of concrete structures
exposed to extreme weather conditions.

Similarly, Shah et al. examined the performance of
polypropylene fiber-reinforced concrete in cotrosive
environments, patticularly those involving chloride
exposure [14]. The research indicated that polypropylene
fibers helped reduce the penetration of chlorides,
thereby protecting the concrete from corrosion-induced
damage. While polypropylene fibers did not contribute
significantly to strength, their role in enhancing the
concrete's durability was evident in applications where
chemical resistance was critical.

Sustainability and Environmental Impact

Sustainability is becoming a key consideration in modern
construction, and fiber-reinforced concrete offers
various environmental benefits. Pacheco-Torgal and
Labrincha conducted a study on the sustainability of
fiber-reinforced concrete, particularly focusing on the
use of recycled and natural fibers [15]. The research
demonstrated that the incorporation of recycled fibers,
such as tire and plastic fibers, contributed to a reduction
in the overall carbon footprint of concrete production.
Additionally, natural fibers such as jute and bamboo
were found to be biodegradable, further reducing
environmental impact.

In a related study, Alsubari et al. investigated the life
cycle assessment (LCA) of fiber-reinforced concrete,
comparing the environmental impact of different fiber
types [16]. The results revealed that concrete reinforced
with natural and recycled fibers had a lower global
warming potential (GWP) compared to steel and
synthetic fibers. The study suggested that using
sustainable fibers could align with green building
practices and environmental regulations, making fiber-
reinforced concrete a more eco-friendly alternative for
construction projects.

Fiber-Matrix Interaction

The interaction between fibers and the cementitious
matrix is crucial for understanding how fibers enhance
the mechanical properties of concrete. Bentur and
Mindess conducted a foundational study on fiber-matrix
interactions, focusing on bond strength and pullout
resistance of wvarious fibers [17]. Their research
demonstrated that fibers with a rough surface, such as
steel, exhibited stronger bonding with the concrete
matrix, which resulted in improved load transfer across
cracks.
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On the other hand, synthetic fibers like polypropylene,
while providing effective crack bridging, exhibited lower
bond strength, necessitating higher fiber dosages to
achieve the same effect.

Further studies by Balaguru and Shah explored the
influence of fiber geometry on the fiber-matrix bond
[18]. They found that hooked and crimped steel fibers
significantly improved the pullout strength and overall
toughness of concrete. The study emphasized that fiber
geometry, along with fiber-matrix interfacial properties,
directly influenced the effectiveness of fiber-reinforced
concrete in load-beating applications.

Crack Control and Toughness

Fibers are widely recognized for their ability to control
crack propagation and improve the toughness of
concrete. A study by Zhang et al. on crack control in
fiber-reinforced concrete found that both steel and
polypropylene fibers contributed to reducing the width
of cracks, even under high load conditions [19]. The
study revealed that steel fibers were particularly effective
in limiting crack width in large-scale structural elements,
while polypropylene fibers excelled in controlling
microcracks in thin sections.

Kazemi and Morshed's research on toughness
enhancement in fiber-reinforced concrete focused on
measuring the energy absorption capacity of concrete
with varying fiber types and dosages [20]. Their results
indicated that fiber-reinforced concrete showed
significantly higher toughness compared to plain
concrete, with steel fibers providing the highest energy
absorption. The study also noted that hybrid fiber
systems, combining steel and synthetic fibers, offered
superior toughness without compromising other
properties such as workability.

High-Performance Fiber-Reinforced Concrete
(HPFRC)

High-performance fiber-reinforced concrete (HPFRC)
is designed to meet stringent performance criteria for
demanding applications such as bridges, tunnels, and
high-rise buildings. A study by Li et al. on the mechanical
properties of HPFRC found that incorporating steel and
polypropylene fibers resulted in superior tensile
strength, impact resistance, and durability compared to
conventional concrete [21]. The study concluded that
HPFRC’s enhanced performance makes it suitable for
use in structures subject to high dynamic loads or
extreme environmental conditions.

Another investigation by RILEM examined the fracture
behavior of HPFRC under flexural loading [22]. The
study revealed that HPFRC exhibited excellent ductility
and energy absorption capacity, which are critical in
applications where failure prevention is a primary
concern. The research suggested that HPFRC’s unique
combination of strength, toughness, and durability

positions it as a leading material in the future of high-
performance infrastructure.

Conclusion

The use of fibers in concrete has proven to be a highly
effective method for enhancing various mechanical
properties, including tensile strength, flexural strength,
impact resistance, and durability. Steel fibers contribute
to toughness and crack resistance, making them ideal for
load-bearing structures, while polypropylene fibers
improve shrinkage control and microcrack management.
Recycled fibers offer sustainable alternatives, although
their long-term performance needs further exploration.
Natural fibers provide eco-friendly options, but
challenges related to degradation must be addressed.
Hybrid fiber systems combine the benefits of multiple
fiber types, resulting in superior overall performance.
Future research should focus on optimizing fiber
dosages, enhancing fiber-matrix interaction, and
improving the sustainability of fiber-reinforced
concrete. Additionally, more studies are needed to
explote the long-term performance of recycled and
natural fibers in structural applications. Fiber-reinforced
concrete continues to evolve as a versatile material
capable of meeting the demands of modern construction
while contributing to sustainability goals.
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